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^ ■ Abstract 

The vr-mesonic decay of the hypertriton is calculated based on a hypertriton 

I wavefunction and 3N scattering states, which are rigorous solutions of 3-body 

' Faddeev equations using realistic NN and hyperon-nucleon interactions. The 

• total TT-mesonic decay rate is found to be 92% of the free A decay rate, which is 

y—i • close to the experimental data. Together with the nonmesonic decay the total 

, life time of is predicted to be 2.78 x 10^^*^ sec which is 6 % larger than for 

I the free A particle. The differential decay rate is evaluated as a function of 

' the pion momentum. The decay into the N + d + n channel is stronger than 

' in the 3N + vr channel in contrast to the situation for the nonmesonic decay. 

■ The ratio for the decay rate into ^He + vr" to the decay rate into all channels 
, including vr^ is found to be 0.40, which is close to the experimental value. 
I We visualise the decay into the dominant channel p + d + i:^ in a Dalitz plot. 

,— H ' Finally we compare the polarisation of the outgoing proton in free unpolarised 

^ ' A-decay to the polarisation of ^He in unpolarised ^H-decay and we compare 

C ■ the closely related asymmetry of vr" emitted parallel and antiparallel with 

^ . respect to the spin-direction for a polarised A to the corresponding asymmetry 

^ I for a polarised ^H. 

■ 21.80.+a, 21.45.+V, 23.40.-s 



Typeset using REVT^ 



*present address: Institut fiir Kernphysik, Fachbereich 5 der Technischen Hochschule Darmstadt, 
D-64289 Darmstadt, Germany 



1 



I. INTRODUCTION 



The hypertriton, a bound state of a proton, a neutron and a hyperon (A or S) is bound 
with respect to the K — d threshold by 0.13± 0.05 MeV. We could reproduce that number 
by solving the Faddeev equations with realistic NN forces and the Nijmegen hyperon- nucleon 
interaction p[ . The hypertriton decays weakly into mesonic and nonmesonic channels. The 
nonmesonic decay channels are ^H— >■ d + n and ^H— >-p + n + n. We investigated them 
recently using a realistic hypertriton wave function and realistic 3N continuum states and 
evaluating the weak-strong transition AA^ NN by exchange of several mesons We 
included vr, r], K, p, uo andi^* meson exchanges. They all contribute significantly, but there 
is a strong interference, which leads to a result close to the one generated by the vr-exchange 
only. We found a total nonmesonic decay rate of 6.39 x 10^ sec~^ 03 ? which is 1.7 % of 
the free A-decay rate. These decays are neutron or proton induced and we discussed that 
the corresponding total rates can not be separated experimentally. Under certain angular 
and energy restriction, they can be separated, however. 

In the mesonic decay mode there are more channels : 7r~(7r°) + ^He{^H), ^H— >■ 

7r^(7r°) + d + p{n) and aH— > 7r~(7r'') +p + n + p{n). In contrast to heavier hypernuclei, where 
mesonic decays are Pauli blocked here in the hypertriton they are by far the dominant 
ones. Experimentally the life time of ranges between (2.20 +1.02 -0.53) xlO~^°sec to 
(2.64 -t-0.92 -0.54) xlO~^'^sec. Further there are experimental data on the branching ratio 
R = T{lH n- +3 He)/T{lH all vr" meson modes ) ranging between 0.30 ± 0.07 § 
to 0.39 ± 0.07 0. 

The mesonic decay rates have been calculated using phenomenological and '^He wave- 
functions by Dalitz 0, Leon and by Kolesnikov and Kopylov [|1^, who used and ^He 
wavefunctions found from variational calculations. More recently, again in a simple model 
the hypertriton and its mesonic decay have been reconsidered by Congleton |[11[]. In view of 
the feasibility to perform rigorous 3-body calculations for bound and continuum states based 
on modern baryon-baryon forces it appared worthwhile to evaluate again the mesonic decay 
channels using these modern technical tools. Also we hope that these renewed considerations 
based on modern forces will stimulate experiments on the decay modes. 

In Section II we present our formalism. Our results are shown in section III. We sum- 
marise in section IV. Free A-decay properties and technical details are deferred to the Ap- 
pendices. 

II. FORMALISM 

The six mesonic decay channels of the hypertriton are not independent from each other. 
According to the emprical AI=| rule, which can be realized by setting artificially the A state 
to be \tt,) = ||^) in isospin and introducing r at the vertex for A ^ + vr the following 
ratios for decay rates result 0] 

r(iij"^7r- +^He) _ TjlH ^n- +p + d) _ TjlH ^ n- + p + p + n) _ 
TiXH^n^+^H) ~ T(iH ^n^ + n + d) ~ TilH ^n^ + n + n + p) ~ 

Therefore we restrict ourselves to the 7r~channels and introduce the following notations: 
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r^*^ = T{lH n- +3 He) 
YP+d^YilH ^TT- +p + d) 
YP+P+n ^yIIH ^n- +p + p + n). (2) 



Then together with (|lD we get the full mesonic decay rate: 
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In the total momentum zero frame the three differential individual decay rates are: 

2 ^ ' KkHerriHe ' I A"" ™ ' 

mmne 



dk ^ ^ ^ I k 

^dkHe S{k^ + kne) SIM^H- M,He ' ' ^ I , (4) 



.ne^v-TT I --ne/ 1 *^ ---"fie —tt ti ^ 

iTT^CiJ^ I DM, 



TV 



O A^TT fcp TfLp 771(1 

^ m rup rrtd 



O I ^3^^ > 
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dfc - / k"^ k"^ 

" -dkpdkd6{k^ + kp + kd)6\ Mz„ -Mp-Md-uj^- — ^ - — ^ I (5) 



and 



2 ^-^ ' fc^ fci A;2 fca mi 7712 ma ' ' a"'" ' 

m mi m2 ma 



^dkidk2dkz5{k^ + ki + k2 + k^)5\MzH-^MN-uj^ ^ ^ ^ 



^7r2cu^ ^ " " ^ " ^ " \ " ^ 2Mn 2Mn 2Mn ^ 

(6) 

Here \E'*^^-' are appropriate pion- three-nucleon scattering states, O the vertex operator (A — >■ 



^~ the hypertriton wavefunction and = V"^^ + k^- The scattering states \E'^~^ 

are normalized to 5-functions with respect to the asymptotic momenta of relative motions. 
The factor \/3 results from antisymmtrisation [jl2| with respect to the nucleons, which are 



treated as identical in the isopin formalism. Except for the choice of the relativistic energy 
of the pion our calculation is nonrelativistic. The binding energies e are defined as usual 
in terms of the nucleon {Mn) and A mass (Ma) : 

Ma He = + 63 He 

Mi^H = 2M7V + Ma + es ^ 
Md = 2Mm + e, (7) 
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The individual momenta in (j^) are connected to Jacobi momenta as 
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(^3 + h)) (8) 



The momenta in (^) are a special case with = kp and ki + k2 = kd- In the Jacobi 
momenta for '^He are like in Eq.(^, but of course referring to the internal motion of ^He. 
For the hypertriton we use a representation based on the Jacobi momenta 

v' = \ ih'-h') 

-., ^ 2A/ivfc3 '-MAjki '+k2 ') (q\ 
y 2Mjv+A/a 

Eqs. (|-|^) refer to the total momentum zero frame and thus the individual momenta for the 
hypertriton obey of course ki ' + k2 ' + k^ ' = 0. Further we selected particle 3 to be the A 
particle. 

The phase space factors are easily evaluated. The one for '7r~-^He decay is: 



p"" = / dk^dk3HeS{k^ + kffe) S\M,h- Ms He " ^tt " 



In 

' dk^ ^ (10) 



87r2 3Mn + uj„ 
where {k^^l is kinematically fixed as 



, _ , , _ /(^f H + Mine - ml? - 4M|^M^^^ 
k.-\kA- (11) 



The numerical value of \kT^\ given by this exact relativistic expression agrees within 0.022 
% with the corresponding number obtained from a corresponding nonrelativistical formula. 
The ones for p + d + Ti~ and p + p + n + vr" decays for fixed k^^ are similar to the ones given 
ini. 

The exact treatment of the final continuum states in Eqs.(^-^) requires the solution of 
a 4-body problem, which is beyond our present capability. Therefore we neglect the final 
state interaction of the pion. For its treatment in the framework of an optical potential we 
refer to a recent article [|13|. Under the approximation of a free pion the matrix elements in 
Eqs.(|^-P) shrink to ones which refer only to three baryons. The resulting operator O acting 
in that reduced space, related to the elementary process A — > p + vr" is given in a relativistic 
notation as 

O = iV2GFmlF{K)uN{h){A^ + 5,75)ma(4) (12) 

where m, u are Dirac spinors and G'irm^=2.21x 10"'' the weak coupling constant. The 
constants ^4,^=1. 05 and i?^ = -7.15 measure the parity violating and conserving parts [jl4|,^. 



The factor \/2 arises from the "spurion" character of A and from r-0, where is the isovector 
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pion field. In case of tlie n + vr^ decay tliat factor is (-1). In nonrelativistic reduction the 
simple operator results 

O tV2GFmlF{K) + ■ (13) 

with M ^ (Miv + Ma)/2. The form factor F{kT^) is chosen of the monopole type and is 
given in Appendix A together with a brief display of the free A-decay rate. The use of the 
nonrelativistic reduction (0) introduces only a 2% shift for that decay rate. Finally using 
Eqs. the A rest frame condition and our choice for the A to be particle 3 one has 

K = \{q'-q) (14) 

Though we neglect the interaction of the pion with the 3 nucleons we treat the one for the 
3 final nucleons exactly. This is depicted graphically in Figs.|l]-^. The final state interaction 
among the 3 nucleons can be performed in analogy to electron scattering on ^He |T^. We 



exemplify it for the nnp breakup process. For our notation in general we refer to |T6 

" pgmim2m3 ' 



The 3N scattering state expressed in Jacobi momenta, ^ = ^L-mimnmc,; Faddeev 



decomposed 

^(-) = (1 + P)^(-), (15) 

where P is the sum of a cyclical and anticyclical permutation of 3 objects and is one 
Faddeev component. It obeys the Faddeev equation 

^^-'^ = + Gi'k^-'^Pip^-'^ (16) 



with 



and 



1 + Gi-¥-^)ro (17) 



L(l-Pi2) |0o>= -^{1-Pi2)\p>\q> (18) 



Here Gq~^ is the free three-nucleon propagator, t^~'' the NN (off-shell) t-matrix and takes 
care of the identity of the three nucleons. Note that P12 acts in the two-body subsystem 
described by the relative momentum p. As shown in ||^ the nuclear matrix element for the 
3N breakup can be written as : 

< ^^iLm.ms I O I V&a^ > = < 0S I (1 + P)0 I ^IH> + < 00 I {I + P) \ U > , (19) 

where | U > obeys the Faddeev equation 

\U >= tGo{l + P)0 \^3^H > +tGoP \U > (20) 

The action of the operator O will be described in the Appendix B. The hypertriton state 
has a ANN and a TiNN part. Though the A — S conversion is crucial for the binding of the 
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hypertriton, the UNN admixture is very small [0 and we neglect it. Thus we also neglect 
the contribution of the E-decay, as we also did in the case of the nonmesonic decay [Q. 

In the hypertriton state has been determined in a partial wave representation and 
we refer to for the details of our notation. Here we need only the form 

l%i^>= E [ ^PP'^ \pqa> (21) 

where p, q are the magnitudes of the Jacobi momenta and a denotes the following set of 
discrete quantum numbers 

a ^ (/s)j(A^)J(j7)J(tO)T (22) 

Here {ls)j describes the coupling of orbital angular momentum / and total spin s to the total 
two-body angular momentum j of the NN subsystem, (A|)/ the corresponding coupling of 
orbital and spin angular momentum of A to its total angular momentum /, {jI)J, the 
resulting jl coupling to the total angular momentum J and finally the isospin coupling of 
the two-nucleon isospin t = and the isospin zero of the A particle to total isospin T = 0. 

Also for the evaluation of the matrix elements in ([T9|) and the solution of the Faddeev 
equation (|20|) we work in a partial wave representation, using a complete set of basis states 
now for three nucleons. They are again denoted as | pqa >n but adding a subscript to 
indicate that the Jacobi momenta are now from (H). Furthermore one has to note that this 
is a subset of states antisymmetrized in the subsystem of particles 1 and 2, thus {I + s + t) 
has to be odd. 

Now projecting the Faddeev equation into the basis | pqa >n and inserting appropriate 
decompositions of the unity one gets 

N < pqa \ U > = 

'^^N < pqa I tGo{l + P) I p'q'a' >n n < p'q'a' \ O \ p"q"a" > ^a"{p"q") + 



]n < pqa I tGoP I p'q'a >N N < p'q'a \ U > (23) 
This is a coupled set of integral equations, with a kernel part, which is well known |T7 



from 3N scattering, and an inhomogeneous term, whose part left of O is also familiar from 



electron scattering [|15[. What is left as a new structure is the application of the 0-matrix 



onto the wavefunction component of the hypertriton. This is given in Appendix B. 

Once the amplitudes n < pqa \ U > are determined, the matrix element in (|l^) is 
evaluated by quadrature in the manner described in and references therein. The first 
matrix element in Eq. (|19D, the plane wave impulse approximation with respect to the 
nucleons, is also evaluated by the same techniques via partial wave decomposition. 
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III. RESULTS 



We used a hypertriton wave function based on the Nijmegen 93 NN potential |jT8| and 



the Nijmegen YN interaction 0, which include the A — S transitions. The number of 
different a quantum numbers (p2D , usually called channels, used in the solution of the 
corresponding Faddeev equation is 102. This leads to a fully converged state, which has 
the proper antisymmetrisation among the two nucleons built in. Also the NN and YN 
correlations are exactly included as generated by the various baryon-baryon forces (see 
The T,NN part of the state has a probability of 0.5 % and will be neglected. 
Let us first regard the decay channel: 

iH ^71- + ^He 

In that channel we use the ^He wave function generated by the Faddeev equation with the 
Nijmegen 93 NN interaction |T^. The kinematically fixed value of the pion momentum is 
A;^=117.4MeV/c. From (P and (0) we obtain the total decay rate r^^=9.36x 10^ sec"^ 
as our theoretical prediction. It should be compared to the value 8.84±2.27 xlO® sec~^ 
which we estimate from the total decay life time r =( 2.64 +0.92-0.54) xlO"^° ( 
neglecting the nonmesonic piece), using the factor 3/2 of Eq.(^ from isospin and the ratio 
R (see Introduction). The decay rates and life times for both mesons are given in Table |I|. 

Let us now ask more detailed questions in relation to that ^He channel. For the free A- 
decay into p + vr" the proton turns out to be polarised as a consequence of the interference 
between the two operators in (|I3]). For unpolarised A's the polarisation of the proton in the 
direction of the outgoing tt~ is easily evaluated as 



A 



mpm^ I 



SrdA SjTip K^TT + 2M'^ ' ^'r)mpmAl 



2M 



(24) 



Pa is related to the measured quantity a = — 0.64± 0.01 ||T9| (factor 2) and agrees of course 
with (|2^) , using our values for and 5^. It results Pa = -0.322. 

Now back to the ^He-channel we ask for the polarization of ^He in the direction of vr" 
for an unpolarised aH. It is given as 



3He ^ 



^ ^ /;(/ I a ffiii'/ I 

(25) 



We find Pagg = 0.134, which has the opposite sign of Pa. This finds a simple explanation 
in regarding a further observable. This is the difference in the probability for 7r~s leaving in 
the direction of a polarised aH to the vr" leaving opposite to that direction. This quantity 
can be compared to the one for the free A-decay of a polarised A. In a polarised hypertriton 
the A has a small polarisation p\= —0.166 [|I|. Therefore we expect a change of sign between 
the two differences and a change of the magnitude because of the nuclear wavef unctions. A 
simple calculation for the free A-decay is 
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= 2Pa (26) 

Here is the angle of the emitted tt~ in relation to the direction of the A polarisation. 
The corresponding quantity of the ^H-decay into + ^He is 



dr"" 








6*^=0 - 


dk^ \^^='^ 






dr^e 1 




e^=Q + 


dh 1^'^='" 



(27) 



A detailed look into the expressions (^9]) and (^OD given in Appendix B and the corresponding 
ones where fc^ is opposite to the z-direction, reveals that 



= 2RHe (28) 



Consequently also Pane should be opposite in sign to Pa- 
Let us now investigate the breakup channels: 



\H — i> tt + p + d and \H — >7r + p + p + n 



For these channels we must solve the Faddeev equation (pS]). Again we use the realistic 



Nijmegen 93 NN interaction [|T8[. The technical steps are the same as in the case of the 
nonmesonic decay [Q. In table | we show our theoretical predictions for the summed up 
rates (vr" and vr*^) into the deuteron and 3N channels which together with the rates into 
the 3N bound states given above leads to the total rate 3.5 x 10 ^ sec~^. It results a 
theoretical life time with respect to mesonic decay only of r = 2.9 xlO^^° sec. We see 
that the strongest decay goes into the p + d channel followed by the transition into the 
3 nucleon bound state ^He. Both are much stronger than the decay into the 3N channel. 
For the nonmesonic decay also shown in Table | this is different. There the n + n + p 
channel is the dominant one. Our results from |^ are reproduced for the convenience of the 
reader. Please note that they are larger by a factor of 3 due to an overlooked factor ^/S 
resulting from correct antisymmetrisation [Q. The total theoretical lifetime with respect to 
all decay channels turns out to be 2.78 xlO~^° sec which is not far from the largest value 
( 2.64 + 0.92 - 0.54 ) x 10"^'' sec in the range of experimental data The theoretical 
ratio R = p^'^e^j^pHe _|_ pp+d _|_ pp+p+n-j g_^g -y^^j^idi ig in reasonable agreement with the 



experimental mean value of 0.35 ± 0.04 



As additional information we show in Fig.^ the differential decay rates dT^'^'^ / dk,^ and 
^pp+P+n ^ ^i^^ t^qH g^g ^]-^gir sum. These quantities result by integrating over all variables 
except for k^^. Both individual rates peak near the 7t~ + p + p + n threshold at k.,^ = 101.3 
MeV/c. The rate into the p+d channel dominates. It is only at k^^ about 20MeV/c, that the 
3N channel is equally strongly populated and overtakes the p + d channel for even smaller 
pion momenta. In Fig. ^ we also display the 3N cm. energy T^^ , which is kinematically 
connected to the pion momentum. At kj^ ^ 20MeV/c it reaches T^^^=35MeV. It is around 
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this energy where the total breakup cross section in n + d scattering also overtakes the total 
elastic n + d cross section. This is shown in Fig. ^. It is therefore tempting to interprete 
the outcome in Fig. ^ to result from the scattering of the nucleon arising from the weak 
A decay from the deuteron in the hypertriton. At low cm. energies Tj^J^ elastic scattering 
of that nucleon from the deuteron dominates and around T^^^=35MeV the breakup process 
catches up. The stronger energy dependence in Fig. ^ in comparison to Fig. ^ is caused by 
the production process of the nucleon out of the A-decay. If one switches off the final state 
interaction between the proton and the deuteron the decay rates are drastically shifted. Also 
then the three nucleon breakup dominates except near the highest pion energy. 

It is conceivable that Coulomb force effects in the vr" channel, where a proton scatters off 
the deuteron will influence the rates. The elastic scattering in the p d channel is stronger than 
in the nd channel, which we calculated. We neglected the p p Coulomb force totally. This 
is of course a quantitative question, which should be checked in the future in a fuUfiedged 
3N continuum calculation including the Coulomb force. 

Finally we show the energy distribution of the meson, the nucleon and the deuteron in 
form of a Dalitz plot. The triangle chosen for the Dalitz plot is shown in Fig. ^. The 
quantity to be presented is ^^'^^^^ which results from Eq. (|) by integrating over all angles. 
We get 



J #A|v/3(vE^(;^|6|vl/3,m)P^ (29) 



where cos is kinematically fixed. After summation over the spin magnetic quantum 
numbers of ^H, the proton and the deuteron and using the momentum conserving 5-function, 
the matrix element squared depends only on the angle 6'^ between k-j^ and fc^. Therefore the 
angular integrations in (^) are trivial and lead just to a factor Svr^. 
The three kinetic energies 



ml + kl — 



T 
j-p 



kp 



2M, 



N 



T^ = ^ (30) 



AM 



N 



with k^ + kp + kd = Q sum up to the total kinetic energy Tcm= 36.9 MeV. As is well known 
the kinetic energies can be read off as the perpendicular distances to the sides of the triangle 
as depicted in Fig. The kinematically accessible events have to lie in the shaded area 
shown in Fig. ^. It turns out that essentially all events concentrate in the corner encircled 
by the dashed line in Fig. ^ The number of events over that sub-domain is shown in Fig. |^ 
We see a strong rise towards the lower border of the kinematically allowed region. In other 
words the number of events increase with decreasing deuteron energy. For the example of 

= 32.0 MeV we display in Fig.^ the dependence of ^r^^^j.^ as a function of T^. 

Finally we display in Fig. | dT^dTa same sub-domain as in Fig. ^ but excluding 

deuteron energies < IMeV. The rate is down by about a factor 100 but it is more 
interesting, since it is generated just by final state interactions. We see a rich interference 
pattern. 
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IV. SUMMARY 



The mesonic decay of the hypertriton has been calculated using a hypertriton wave- 
function and 3N bound and scattering states, which are rigorous solutions of the Faddeev 
equations. Our results are based on the Nijmegen 93 NN potential and Nijmegen hyperon- 
nucleon forces, which include the A-S conversion. The standard simple particle operator 
for free A — vr + decay has been used. The interaction between the emitted vr" and the 
nucleons is neglected as well as Coulomb forces. We evaluated the partial decay rates into 
the ^He + vr^, p + d + vr" and p + p + n + vr" channels. The corresponding rates for 
7r° emission is given by isospin symmetry (if valid). The total mesonic rate is 0.35 x 10^° 
sec~^, which is 92% of the free A-decay rate. If one adds the nonmesonic decay channels 
that number is 93%. Thus the lives a bit longer than a free A. 

In a previous work we already discussed the nonmesonic decay channels. Thus fairly 
complete theoretical predictions for all decay channels of the hypertriton are available, which 
are based on modern forces and rigorous 3-body calculations. 

We also studied the momentum distribution of the emitted tt". This distribution appears 
to be nicely related to nucleon-deuteron scattering initiated in the hypertriton (after decay 
of the A) as one can infer from the relation between the p + d and p + p + n channels. 

The p + d + 7r~ decay is visualised in form of a Dalitz plot. As expected the spectrum 
peaks for low energetic deuterons which are present in the weakly bound hypertriton. 

Finally we compared the polarization of the outgoing proton in free unpolarised A-decay 
to the polarisation of ^He in the unpolarised hypertriton decay. They turn out to be opposite 
in sign, which is explained by regarding a related process. This is the difference in vr" rates for 
emission parallel or antiparallel to the polarised A and respectively. The two observables, 
the polarisation of the outgoing proton and the difference in vr" rates are equal up to a factor 
2. The changes in sign results since a polarised contains a polarised A with the spin 
direction pointing in the opposite direction of the polarisation of the hypertriton. 

Measurements of hypertriton decay properties would certainly be very useful to test these 
predictions based on modern dynamics. 
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V. APPENDIX 
A. Free A decay 

As is well known from text books, for instance [^, the total decay rate for A — p + vr" 
and based on our notation (|T2]) is 
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SttM^ 

with 



^ rel - o„n/r3 y"^^) 



and 



^(Ma + Mp)2 ^ 

y'(MA - Mp)2 - m2 (32) 



= GprnlA^FiK) 
U = GprnlB^FiK) (33) 

We choose the form factor F(A;^) as 

F(A;.) = ^ ^ (34) 

with the cut-off parameter A^^ = 1300 MeV used also in our nonmesonic decay calculation 
H]. The momentum k.,^ is kinematically fixed as 



- • (35) 



The nonrelativistic calculation based on Eq. (p!3| ) yields 



^ nonrel ~ ^ /i^ , , , \ J s ~^ J p ^—2 y"^^) 



Both results, Eqs. (|3l|) and (|36|) agree within 1.7%. Eqs. (|3lD and (|36[) lead to life times of 

2 rpA-*p+7 

3 [ nonrel 



the A particle f [r^eT"^"!"^ = 2.579 x lO^^o sec and U^tZrtr]'^ = 2-624 x 10-^° sec, 



respectively, which compare well to the datum 2.632 ± 0.020 x 10 sec 

B. Partial wave representation of the operator O 

We show the partial wave representation for the operator O of Eq. (|T3]) applied onto the 
hypertriton state. One has 

{pqam\0\'^-jH m-j h) = J dp'p'^ J dq q"^ {pqam\0\p'q' a'){p' q a'\'^i^ijm3^ij) (37) 

a' 

where m and mi^fj are the z-components of the outgoing 3N state and the hypertriton, 
respectively. The expression can be separated into two terms 

(pga|0|^3^m3^) = iV2GFmlF{k^)A^0A + iV2GFmlF{K)^0B (38) 

with 
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and 



where 



2 ^ a' Ax+A2=A' 3 ^(2Ai)!(2A2) 

E K)C{X,kX, 00) ^ ^fgC{X,kg, 00) 





A 






/ 




2 








1 

2 





Ob = ^M„^rn3^E'^«'^-''^Jy(-)'''''^'Vi//'AAVA'!^L(- 



A' L 1 



11/' 

2 2 



Ai+A2=A' 



E "/^dka'ip, q, K)C{XiXk, 00) 



V'(2Ai)!(2A2)! 
^V^C(M/i,00)^y^(-)^C(A2/i(7,00)|^, ? 



Ai A2 A' 
k h 



7713 h) 



gka'(,p,q, K) 



dxPkix] 



-1 



{p, 


q + 


^k 


a' 






q + 


^k 


A' 



(39) 



(40) 



(41) 



and where Pk is a Legendre function depending on x = g- /Ctt- We use the notation z = 2z+l. 
Also we assume the quantum axis to be parallel to the k^^ direction. 

The isospin part of the matrix element is not included in (|39D and (|40|). It yields just the 
factor for the vr" transition. Furthermore it leads to the requirement that the isospin of 
the two spectator nucleons has to be zero and that only total isospin T=l/2 contributes. 
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TABLES 



A- 1 \- J / J__i J J J., J. CXii. LjIOjI OjIJ-VJ. vKJvCaiI. l±±\Z'iJ\J±lL\j 




decay rates and corresponding life times. 


channel 


r [sec-i] 


r/ Ta 


r=r ^ [sec] 


^He +7r~ and + 7r° 


0.14 X 10^° 


0.37 


0.71 X 10-9 


d +p +7r~ and d + n + vr" 


0.21 X 10^° 


0.55 


0.47 X 10-9 


p + p + n + vr^ and p + n + n +7r'^ 


0.84 X 10^ 


0.022 


0.12 X lO-'' 


all mesonic channels 


0.35 X 10^° 


0.92 


0.29 X 10-9 




d + n 


0.67 X 10^ 


0.0018 


0.15 X 10-6 


p + n + n 


0.57 X 10^ 


0.015 


0.18 X lO"'^ 


all nonmesonic channels 


0.64 X 10^ 


0.017 


0.16 X lO"'^ 




all channels 


0.36 X 10^° 


0.93 


2.78 xlO-i° 


exp. @ 
exp. (averaged) pl| 






2.64 +0.92 -0.54 xlO"^° 
2.44 + 0.26 -0.22 xlO"^° 
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FIGURES 
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FIG. 1. The nuclear matrix element for the process — ^ tt + ^He 
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FIG. 2. The nuclear matrix element for the process -k +p + d 




FIG. 3. The nuclear matrix element for the process — s-tt +p + p + n 
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FIG. 4. Differential decay rates 



(long dashed curve 



firp+p+" 



(short dashed curve) and 



their sum (solid curve) including FSI. Neglecting FSI the rates are drastically shifted -.^^ — (long 



dashed dotted 



(short dashed dotted) and their sum (dotted). 
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FIG. 5. Angular integrated cross sections for 3N scattering: Total nd coss section (solid curve), 
total elastic cross section (dashed curve), total breakup cross section (dotted curve). 
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FIG. 6. A triangle chosen for the Dahtz plots in Figs.|^ and^ The kinematically allowed events 
lie in the shaded area. Nearly all events occur at the right end, in the subdomain encircled by a 
dashed line. 
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FIG. 8. The distributions ^^^^j,^ including FSI (solid curve) and neglecting FSI (dashed curve) 
for fixed T^^ = 32MeV. Note that the curves for that T^^ do not start at = 0. 
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FIG. 9. The distribution ^^''^rp in a subdomain of Figj^ for > IMeV. That interference 
pattern results from FSI and the scale of the figure is a factor 100 smaller than in Fig. |^ 
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